A previous study in this laboratory (12) 
A previous study in this laboratory (12) indicated that leaves and excised roots of bush beans grown under conditions of Fe deficiency fixed larger quantities of C1402 from an enriched atmosphere than did those receiving adequate amounts of Fe. For this reason, studies have been made to determine the effect of Fe and chelating agents on PEP (phosphoenolpyruvate) carboxylase (1, 9, 13) , PEP carboxykinase (9) , and the carboxylation enzyme (17) systems that fix CO2.
MATERIALS AND METHODS
The reagents were prepared for use as follows: The K salt was prepared by dissolving the Ag-Ba salt of PEP in 0.1 M HNO3 and precipitating the Ag and Ba with equivalent amounts of KCI and K2SO4, respectively, and a stock solution of 0.01 M was prepared in 0.2 M TRIS (tris(hydroxymethyl) aminomethane) buffer, pH 8.0. The K salts of G6P (glucose-6-phosphate) and R5P (ribose-5-phosphate) were prepared from the Ba salt of each by precipitating the Ba with an equivalent amount of K9S04.
These reagents were centrifuged to remove the precipitates, and stock solutions of 0.02 M were prepared in TRIS buffer as above. Stock solutions of 0.01 M Na salts of ethylenediaminetetraacetic acid (EDTA) and ethylenediamine di(o-hydroxyphenolacetic acid) (EDDHA) (6) were prepared and made to pH 8.0.
In the systems studied the addition of 1 micromole (uM) of EDDHA into the reaction mixtures appeared to provide close to a maximum increase in the rate of the reactions, consequently this level was used throughout the experiments.
Soybean and barley seeds were germinated in sand and allowed to grow about 2 inches in length or about 10 days. The barley seedlings were used directly in the preparation of homogenates. The soybean seedlings were transferred into aerated solution cultures for about 3 37°C, the enzyme killed with 0.1 ml 1 N HCl, which also expelled unreacted HCOj-, and the mixtures centrifuged. Aliquots of 0.2 ml of the supernatant were then dried in forced air at room temperature in Pyrex or plastic planchets (aluminum and stainless steel planchets were unsatisfactory) and counted with a Geiger-Muller counter. This method was essentially described by Jackson (4) as being a modification of that employed by Bandurski and Greiner (1) and Saltman et al (13) .
The coefficient of variability of this method was found to be less than 4 % and this value is taken into account in the discussion of the results. All studies were repeated several times and data are included that represented consistent trends.
Since Fe is known to decarboxylate ,B-ketodicarboxylic acids (14) , the following procedure was used to insure a measurement of the true effect of Fe on the PEP carboxylase system: Ethaniol and DPN were added to the reaction mixtures to furnish sufficient DPNH to convert a maximum amount of the OAA (oxalacetate) formed to malate. After the 10-minute incubation period, 0.1 ml of 2,4-dinitrophenylhydrazine in 1 N-HCl was added to each reaction mixtureto convert any OAA present to the hydrazone form. Such a system was found to almost completely prevent decarboxylation of labeled products during the period the planchets were dried prior to counting. Protein determinations were made with-Folin's reagent (7) . (17) . If this were the case then the phosphoriboisomerase (2) and the phosphoribulokinase (2) Since then we have used G6P as a substrate for CO2 fixation with the crude homogenates. Likewvise, it was found that CO, fixation resulting from G6P hindered efforts to demonstrate CO, fixation through ''malic" enzyme with pyruvate as a substrate (11) .
In addlition to the MIg requirement the responses of the G6P and R5P reactions were parallel for ATP, TPN, and GSH (glutathione) as cofactors and were parallel for NaF inhibition. NaF did not inhibit the PEP reactions, but it did inhibit the G6P and R5P reactions. Since the activity obtained when ATP and Mg were added without a substrate was also inhibited by NaF, it is possible that this endogenous reaction, at least in part, was similar to G6P and R5P.
Effects of chelating agents on CO2 fixation are given in tables I, II, III, and IV. In all cases except possibly for the reaction catalyzed by PEP carboxy- (table V) .
To determine the nature of the inhibitory effect of Fe, it was added to reaction mixtures containing PEP-+fAlg, and double reciprocal curves were plotted. The enzyme was a crude preparation from trifoliate orange leaves. The curves in figure 1 Crassulacean plants by 100 % precipitation of the enzyme. In the present work Fe at 4 X 10-2 M did completely inactivate the system from trifoliate orange leaf.
The indication that PEP carboxylase activity is greater in plants in which Fe is insufficient may offer an explanation of the observations that certain organic acids (3, 12) , K, and sometimes Ca (15) are increased in Fe-deficient plants. As previously stated, dark fixation of CO2 by this system leads directly to organic acid formation and accumulation in some plant species (1, 9, 13, 16 ). This in turn may induce increased cation uptake (4, 5) . The observation that extreme Fe deficiency resulted in less CO, fixa-tion than did a moderate Fe deficiency which in turn resulted in more CO, fixation than did an adequate Fe level may explain the observations that in limeinduced chlorosis, organic acid contents increased and then decreased as the disorder advanced (3, 12) .
SUMI MARY
Fixation of CO. with PEP (carboxvlase and carboxykinase systems each included) and R5P as substrates was greater in homogenates of plants grown at a slightly deficient Fe level than in those grown at an adequate Fe level. For severe Fe (leficiency the fixation catalyzed by PEP carboxylase was decreased. A chelating agent sometimes increased the amount of CO,, fixation with the PEP carboxykinase reaction. A chelating agent was necessary in the reaction mixture for maximunm activity of the reaction catalyzed by PEP carboxylase as wvell as for the carboxylation enzyme. Addition of Fe to assay mixtures inhibited CO,, fixation through PEP. Kinetic studies indicated this to be a competitive inhibition. Fe also inhibited CO, fixation when R5P and G6P were used as substrates and activity was increased with both substrates by use of chelating agents.
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